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Abstracr:  The effects of glyphosate herbicide-induced changes in wetland emergent vegetation (largely
cattails, Typha spp.) on densities of ducks (Anatinae) were assessed in northeastern North Dakota. In 1990
and 1991, 17 cattail-dominated wetlands were randomly assigned to 0% (reference wetlands), 50%, 70%, or
90% areal spray coverages with glyphosate herbicide. Densities of green-winged teal (Anas crecca), blue-
winged teal (Anas discors), gadwalls (Anas strepera), and ruddy ducks (Oxyura jamaicensis) were similar
among treatments during both post-treatment years (P = 0.1). One year post-treatment, mallard (Anas plat-
yrhynchos) and northern pintail (Anas acuta) abundances did not differ among treatments (P = 0.1), whereas
two years post-treatment their abundances were greater in the sprayed wetlands than in the reference wetlands
(P = 0.1). Densities of northern shovelers (Anas clypeata) and redheads (Aythya americana) differed among
treatments in both post-treatment years, with the 50% sprayed wetlands harboring more ducks than did the
other three treatments. Percent coverage and hectares of open water were positively correlated with numbers
of diving ducks (Aythyini and Oxyurini) (P < 0.1). Dabbling duck (Anatini and Cairinini) numbers correlated
positively with hectares of open water and dead vegetation, whereas their numbers were negatively correlated
with percent coverage of live vegetation (P < 0.1). Results of this study suggest that numbers of ducks were
positively influenced by creating a mosaic of open water, live vegetation, and dead vegetation with glyphosate

herbicide.
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INTRODUCTION roosting locations (Linz et al. 1995). Emergent vege-

Wetlands in the Prairie Pothole Region of the United
States are often dominated by common cattail (Typha
latifolia L.), narrow-leaved cattail (7. angustifolia L.),
and their hybrid T. X glauca Godron. Cattails are the
most common large hydrophyte in North Dakota wet-
lands (Kantrud 1986). Cattails that form dense ho-
mogenous stands impede waterfow] use of the wetland
(Kantrud 1986), and dense cattail stands near grain
crops provide migrating blackbirds (Icterinae) ideal
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tation interspersed with open water may benefit wa-
terfow]l (Kaminski and Prince 1981, Murkin et al.
1982, Kantrud 1986, Solberg and Higgins 1993) and
may deprive blackbirds of an essential roost habitat
(Linz et al. 1995).

Experiments conducted with small plots suggested
that an equal interspersion of vegetation and open wa-
ter is preferred by waterfowl (Kaminski and Prince
1981, Murkin et al. 1982). Solberg and Higgins (1993)
demonstrated that wetlands treated with a single strip
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or a single crossing pattern of glyphosate herbicide
harbored more ducks (Anatinae) than reference wet-
lands. To our knowledge, experimental data on the re-
sponse of ducks to cattail-dominated wetlands altered
with various spray coverages of aquatic herbicides is
lacking.

In North Dakota and South Dakota, cattail-domi-
nated wetlands that harbor roosting blackbirds are be-
ing fragmented hy aerially applying glyphosate to
achieve open water—emergent vegetation ratios rang-
ing from 50:50 to 90:10 (Huffman 1992, Linz et al.,
1995). In this paper, we compare densities of ducks
among wetlands treated with various herbicide spray
coverages to reference wetlands and describe the re-
lationships between duck abundance and various wet-
land habitat variables.

STUDY AREA AND METHODS

Our study area was near Lakota, North Dakota (48°
03’N, 98° 21’'W) in Grand Forks, Nelson, and Walsh
counties of northeastern North Dakota. The study area
is located in the Northeastern Drift Plain of North Da-
kota, which is characterized by the presence of many
wetlands that are subject to large annual variations in
water coverage (Stewart and Kantrud 1973). The pri-
mary land use is growing of small grains, sunflower,
hay, and corn. North Dakota receives 77% of its an-
nual precipitation between April and September (North
Dakota Agricultural Statistics Service 1994). Long-
term average monthly precipitation and temperature
during these months are about 5.4 cm and 14.6° C,
respectively (North Dakota Agricultural Statistics Ser-
vice 1994).

In May 1990, we randomly designated a pool of 12
cattail-dominated wetlands, as either reference or treat-
ed at 70% or 90% spray coverage with aerially applied
glyphosate herbicide (Rodeo® formulation, Monsanto
Company, St. Louis, Missouri). In May 1991, we ran-
domly designated another 12 wetlands as either ref-
erence or treated at 50% or 70% spray coverage with
glyphosate. A 50% spray coverage level was substi-
tuted for the 90% spray coverage used in 1990. This
substitution was suggested by wetland managers con-
cerned about inadequate cover for wildlife in wetlands
treated at the 90% level (Stromstad 1992). Five wet-
lands that had = 25% open water (Solberg and Hig-
gins 1993) and two wetlands that were dry were not
included in the data set. Statistical analyses were con-
ducted with the following data set: reference (n = 5),
50% (n = 3), 70% (n = 6) and 90% (n = 3) spray
coverages. Average size of the 17 experimental wet-
lands was 11.4 = 2.7 (SE) ha.

The wetlands were treated in mid- to late July at a
rate of 5.8 I/ha of glyphosate (Blixt 1993, Linz et al.

1994). The herbicide was mixed in an aqueoussolution
containing surfactant, drift retardant, and water (Linz
et al. 1994). A fixed-wing spray plane was used to
apply 15-m-wide parallel strips of herbicide along the
long axis of the wetlands.

Wetland sizes and coverages of open water and veg-
etation were determined from aerial photographs using
Map and Image Processing System software (Micro-
Images, Inc., Lincoln, NE). Ektachrome photographs,
taken in June 1990, were obtained from the Agricul-
tural Stabilization and Conservation Service for habi-
tat analysis of 1990 wetlands; however, vegetation
type could not be distinguished on these slides. In Au-
gust 1991-93, color infrared slides were taken of the
test wetlands. Species of vegetation were identified by
color differences on the photographs and verified by
ground truthing. In 1991, vegetation types could not
be distinguished in the 1991-treated wetlands because
the vegetation had begun to show the effects of the
herbicide treatment.

Birds were counted on the experimental wetlands
once before treatment (pretreatment) and for two years
after treatment (post-treatment). During 2-18 June,
wetlands were visited in random order between local
sunrise and 5-hr post-sunrise by one or two observers
in 1990 and two of three observers in 1991-1993.
Counts were made by the same pool of three experi-
enced observers throughout the study.

In 1990, the observer(s) slowly walked around the
perimeter of the wetlands and recorded all ducks (re-
gardless of sex) on or flushed from the wetland. In
1991, we established eight count points at uniform in-
tervals around the perimeter of each wetland (Hutto et
al. 1986, Linz et al. 1994). The same count points were
used from 1991 through 1993. The observers walked
to each count point and recorded all ducks seen on the
water or leaving the wetland during the next six min-
utes. Any ducks seen or flushed while the enumerators
moved between count points were tallied.

During June 1992, the reference, 70% sprayed, and
90% sprayed wetlands were visited in random order
between local sunrise and 5-hr post-sunrise by two ob-
servers not involved in the fixed-point counts. These
observers waded through the wetlands and counted all
ducks spotted or flushed from the wetland. The fixed-
point counts and flush counts were conducted on dif-
ferent days. Densities of ducks detected by these two
count methods were similar within the 5 reference wet-
lands (Wilcoxon Test, P = 0.346) (Cody and Smith
1991) and over all 14 wetlands (P = 0.646), averaging
2.42 * 0.62 ha and 3.14 = 0.45 ha, respectively. Thus,
the potential visibility bias inherent in the fixed-point
count method appears to be minimal. Censuses were
not conducted in steady rain or if the wind velocity
exceeded 24 km/hr.
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STATISTICAL ANALYSES

A one-factor analysis of variance (ANOVA) was
used to compare percent coverages of open water and
vegetation among wetlands designated for various
treatment levels (Cody and Smith 1991). A two-factor
repeated measure ANOVA (RMANOVA) was used to
test the null hypotheses of no differences in percent
coverage of open water, live vegetation, and dead veg-
etation among spray coverages one and two years post-
treatment (Cody and Smith 1991).

We conducted statistical analyses on selected spe-
cies of dabbling ducks (Anatini and Cairinini) and div-
ing ducks (Aythyini and Oxyurini) present on = 50%
of the wetlands during at least one post-treatment year.
The count data for each duck species and taxonomic
group were divided by the size of the wetland to obtain
the number of birds per hectare. Kruskal-Wallis tests
were used to examine the null hypotheses that average
densities of each duck species and taxonomic group
within each test year were similar among treatments
(Conover 1980, Cody and Smith 1991). Numbers of
ducks using the test wetlands were compared between
experiment years with the Wilcoxon test (Conover
1980, Cody and Smith 1991).

We investigated the relationship between the mean
number of ducks (dependent variable) observed in
each wetland during the two post-treatment years and
hectares of live vegetation, dead vegetation, and open
water (independent variables) using Spearman rank
correlation analysis (Cody and Smith 1991). Similarly,
correlation analysis was used to assess the relationship
between duck numbers and percent coverages of water,
live vegetation, and dead vegetation. We set the sig-
nificance level at 0.1 (a priori) for all statistical tests
because resources were not sufficient to increase sam-
ple sizes, and the consequences of accepting false null
hypotheses (Type II error) on populations of ducks are
much greater than if Type I errors (rejecting a true null
hypothesis) are made (Tacha et al. 1982).

RESULTS
Habitat Characteristics

Before the application of glyphosate, percent cov-
erages of open water (X = 11.8 = 1.7 [SE] %) and
emergent vegetation (X = 88.2 = 1.7%) were not sig-
nificantly different (P = 0.723) among treatments
(Figure 1).

Percent coverage of open water was greater (P =
0.001) two years post-treatment (X = 33.3 £ 4.1%)
than one year post-treatment (X = 16.9 = 2.8%). Cov-
erage of open water was greater in the sprayed wet-
lands (X = 30.4 %= 3.0%) than in the reference wet-

lands (X = 12.3 *£ 4.3%) during these years (P =
0.014).

Coverage of live vegetation differed (P = 0.040)
between one year post-treatment (X = 38.6 = 7.0%)
and two years post-treatment (X = 44.3 £ 4.6%). In
these years, the coverage of live vegetation was greater
(P = 0.0004) in the reference wetlands (X = 70.3 *
4.1%) than in the sprayed wetlands (X = 29.4 * 3.3%).

Percent coverage of dead vegetation was greater (P
= (0.0003) one year post-treatment (X = 44.5 * 5.4%)
than two years post-treatment (X = 22.4 * 3.0%). Dur-
ing this time, the coverage of dead vegetation was
greater (P = 0.006) in the sprayed wetlands (X = 40.2
* 4.2%) than in the reference wetlands (X = 17.3 *+
3.2%).

Response of Ducks

Before treatment, the 17 test wetlands harbored 197
dabbling ducks and six diving ducks. Mallards (Anas
platyrhynchos L.) and blue-winged teal (A. discors L.)
each made up 31% of the total number of ducks, fol-
lowed by 21% gadwalls (A. strepera L.), 5% wood
ducks (Aix sponsa L.), 4% green-winged teal (Anas
crecca L.), 3% northern pintails (A. acuta L.), 2%
northern shovelers (Anas clypeata L.), 2% redheads
(Aythya americana Eyton), and < 1% ruddy ducks
(Oxyura jamaicensis Gmelin). Mallards, blue-winged
teal, and gadwalls were the only species found on =
50% of the test wetlands. Densities of mallards (X =
0.53 %= 0.16 ha), blue-winged teal (X = 0.64 = 0.21
ha), gadwalls (x = 0.32 = 0.09 ha), and dabbling
ducks (X = 1.66 = 0.41 ha) did not differ among the
three treatments before treatment (P range = 0.516-
0.837).

During the two post-treatment years, the test wet-
lands contained 782 dabbling ducks and 244 diving
ducks. Blue-winged teal made up 31% of the total
number of ducks, followed by 17% mallards, 15% red-
heads, 10% gadwalls, 7% ruddy ducks, 7% northern
shovelers, 4% northern pintails, 4% green-winged teal,
3% wood ducks, 2% canvasbacks (Aythya valisineria
Wilson), < 1% ring-necked ducks (A. collaris Dono-
van), < 1% American wigeon (Anas americana Gme-
lin), and < 1% lesser scaup (Aythya affinis Eyton).

Blue-winged teal, mallards, redheads, gadwalls,
northern shovelers, ruddy ducks, northern pintails, and
green-winged teal were observed on = 50% of the
wetlands during at least one post-treatment year. Den-
sities of all these species were statistically similar
across post-treatment years (P range = 0.251-0.751).
Densities of green-winged teal, blue-winged teal, gad-
walls, and ruddy ducks were similar (P range = 0.109—
0.715) among treatments during both post-treatment
years (Tables 1 and 2). The first year after treatment,
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Figure 1. Habitat characteristics of 17 wetlands randomly designated as either reference (n = 5), or treated at 50% (n = 3),
70% (n = 6) or 90% (n = 3) spray coverage with glyphosate herbicide during July 1990 and 1991 in northeastern North

Dakota.

mallard (P = 0.143) and northern pintail (P = 0.491)
abundances did not differ among treatments (Table 1).
During the second year post-treatment, density of mal-
lards differed among treatments (P = 0.046), with
more birds in the 50% and 90% wetlands than in the
70% and reference wetlands. Northern pintail (P =
0.053) densities differed among treatments, with more
birds in the sprayed wetlands than in the reference wet-
lands (Table 2). Densities of northern shovelers (P
range = 0.047-0.087) and redheads (P range = 0.050—
0.070) differed among treatments in both post-treat-
ment years, with the 50% sprayed wetlands containing
more ducks than did the other three treatments (Table
1, 2).

Waterfowl-Habitat Relationship

During the post-treatment years, the number of mal-
lards, blue-winged teal, northern shovelers, redheads,

ruddy ducks, total diving ducks, and total ducks were
correlated positively with hectares of open water (r
range = 0.422-0.568) and percent coverage of open
water (r range = 0.305-0.393). Gadwalls, northern pin-
tails, and dabbling ducks were only correlated with hec-
tares of open water (r range = (0.294-0.420) (Table 3).

Mallards, blue-winged teal, northern shovelers, gad-
walls, northern pintails, dabbling ducks, and total
ducks were negatively correlated with percent cover-
age of live vegetation [(r range = —0.360—(—0.490)]
and were correlated positively with hectares of dead
vegetation (r range = 0.302-0.474). Hectares of live
vegetation and percent coverage of dead vegetation
were not significantly correlated with any taxon during
the post-treatment years (P > 0.1).

DISCUSSION

Results of this field experiment suggest that num-
bers of ducks were positively influenced by reducing
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Table 1.

Densities' of ducks using wetlands during June in northeastern North Dakota one year after treatment with glyphosate

herbicide. Treated wetlands were aerially sprayed in July 1990 and 1991.

Spray Coverages

Reference 50% 70% 90%
n=2>5 n=23 n=26 n=3
Ducks? X SE X SE X SE b SE P

Green-winged teal 0.20 0.13 0.14 0.01 0.24 0.12 0.00 0.00 0.302
Mallard 0.34 0.10 1.08 0.41 0.33 0.08 0.28 0.10 0.143
Northern pintail 0.07 0.06 0.10 0.05 0.03 0.02 0.19 0.14 0.491
Blue-winged teal 0.55 0.19 2.27 1.31 0.85 0.23 0.58 0.41 0.422
Northern shoveler 0.00 0.00 0.50 0.12 0.20 0.09 0.15 0.15 0.047
Gadwall 0.23 0.10 0.57 0.04 0.53 0.20 0.32 0.18 0.483
Redhead 0.31 0.14 0.80 0.41 0.32 0.22 0.00 0.00 0.070
Ruddy duck 0.07 0.07 0.27 0.11 0.19 0.12 0.00 0.00 0.109
Dabbling ducks 1.52 0.49 4.68 1.81 2.28 0.37 1.53 0.97 0.129
Diving ducks 0.30 0.20 1.11 0.56 0.58 0.29 0.00 0.00 0.093
Total ducks 1.90 0.54 5.78 2.34 2.86 0.48 1.53 0.97 0.147

! Number of ducks per hectare.

2 Ducks observed on at least 50% of the wetlands during at least one post-treatment year.

the density of live emergent vegetation (i.e., cattails).
It appears the 50% sprayed wetlands were favored by
ducks over the other three treatment levels, and
sprayed wetlands harbored more ducks than did the
reference wetlands. Openings may have enabled us to
better see ducks in the sprayed wetlands compared to
the reference wetlands. However, this does not explain
why more ducks were counted in the 50% sprayed
wetlands than in the 70% sprayed and 90% sprayed
wetlands. Additionally, numbers of ducks observed in
our reference wetlands with the ‘walk-wade’ method
were statistically similar to numbers of ducks detected
with the fixed-point count technique. However, we rec-

ognize the fixed-point count method potentially could
result in counts that are biased low in large wetlands
containing dense stands of emergent vegetation.

High variability in the duck counts within treatment
levels and between years indicates that environmental
factors other than coverage of water and emergent veg-
etation are important to ducks. For example, the size
and depth of the wetland and its juxtaposition to other
wetlands may be important selection factors for wa-
terfowl (Brown and Dinsmore 1986). The number of
open pools also may be a factor influencing duck
abundance (Weller and Fredrickson 1974).

We found that dabbling duck abundances were high-

Table 2. Densities! of ducks using wetlands during June in northeastern North Dakota two years after treatment with gly-
phosate herbicide. Treated wetlands were aerially sprayed in July 1990 and 1991.

Spray Coverages

Reference 50% 70% 90%
n=235 n=3 n==6 n=23
Ducks? X SE X SE X SE X SE P

Green-winged teal 0.12 0.06 0.29 0.29 0.00 0.00 0.19 0.10 0.176
Mallard 0.21 0.09 1.88 0.75 0.16 0.06 1.02 0.49 0.046
Northern pintail 0.00 0.00 0.32 0.11 0.19 0.17 0.48 0.36 0.053
Blue-winged teal 0.81 0.45 2.11 0.30 0.89 0.26 1.22 0.40 0.133
Northern shoveler 0.10 0.08 0.71 0.18 0.23 0.10 0.17 0.08 0.087
Gadwall 0.38 0.24 0.67 0.38 0.24 0.10 0.19 0.15 0.715
Redhead 0.09 0.04 1.78 0.36 0.32 0.13 1.07 0.72 0.050
Ruddy duck 0.04 0.04 0.36 0.18 0.26 0.18 0.74 0.49 0.154
Dabbling ducks 1.99 0.96 6.16 0.84 1.99 0.31 3.30 1.26 0.087
Diving ducks 0.13 0.04 251 0.32 0.81 0.46 1.81 1.21 0.096
Total ducks 2.12 0.95 8.68 0.64 2.80 0.68 5.11 2.13 0.044

! Number of ducks per hectare.

2 Ducks observed on at least 50% of the wetlands during one post-treatment year.
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Table 3. Spearman correlations describing the relationship between the mean number of ducks found in 17 wetlands during
June in northeastern North Dakota one and two years post-treatment and coverages of three wetland habitat variables. Wetlands
were aerially sprayed with glyphosate herbicide in July, 1990 and 1991.

Habitat Variable

Water Live Emergent Vegetation Dead Emergent Vegetation
r r r

Taxon' Percentage Hectare Percentage Hectare Percentage Hectare
Mallard 0.368** 0.568*** —0.377** 0.218 0.096 0.459**+*
Green-winged teal —0.220 —0.090 —0.109 -0.194 0.276 0.071
Blue-winged teal 0.334* 0.438%** —0.360** 0.122 0.162 0.388%*
Northern shoveler 0.393** 0.476%** —0.490*** —-0.051 0.246 0.355**
Gadwall 0.162 0.294* —0.381** —0.165 0.285 0.302%
Northern pintail 0.257 0.300* —0.383** —0.060 0.226 0.340**
Redhead 0.305* 0.386** —0.183 0.223 —0.094 0.188
Ruddy duck 0.329* 0.316* —0.258 —0.031 0.024 0.147
Dabbling ducks 0.263 0.420%** —0.381** 0.141 0.229 0.474%**
Diving ducks 0.354%** 0.422%* —0.227 0.175 —0.054 0.217
Total ducks 0.332* 0.455%** —0.365** 0.135 0.157 0.411%*

* Marginally significant (P < 0.10).
** Moderately significant (P < 0.05).
*** Highly significant (P < 0.01).

! Ducks observed on at least 50% of the wetlands during one of the post-treatment years.

er in wetlands with relatively high proportions of open
water and dead vegetation, whereas their numbers
were lower in wetlands dominated by live vegetation.
Numbers of diving ducks were clearly related to the
proportion of open water in the wetlands. A combi-
nation of open water, live vegetation, and decaying
vegetation probably provides ideal habitat for aquatic
invertebrates that may be available to foraging water-
fowl (Murkin et al. 1982). Additionally, a combination
of live and dead emergent vegetation provides visual
isolation for breeding pairs of conspecifics (Murkin et
al. 1982) and concealment for broods (Stoudt 1971).
Dead emergent vegetation also provides nest sites for
over-water nesting ducks (Stoudt 1971, Krapu et al.
1979, Arnold et al. 1993).

The current recommended glyphosate application
rate is 5.3 l/ha (Linz et al. 1995), and treatment effects
can last = 4 years when water levels remain at 30 cm
or deeper (Solberg and Higgins 1993, Linz et al.
1995). Cattails standing in shallow water will likely
regrow within two years, thus providing nesting and
escape cover for ducks (Stoudt 1971, Krapu et al.
1979, Arnold et al. 1993), resident game birds (e.g.,
ring-necked pheasant, Phasianus colchicus 1..), mi-
grating birds (Stromstad 1992, Blixt 1993, Linz et al.
1994), and mammals (Fritzell 1989).

SUMMARY AND RECOMMENDATIONS

Our investigation supports Solberg and Higgins
(1993) conclusion that waterfowl use of wetlands can

be increased by creating openings in the wetland can-
opy with glyphosate. However, increased use of a
managed wetland by ducks does not necessarily mean
that ducks nesting over water have enhanced success.
Fragmentation of dense cattail stands may increase the
vulnerability of over-water nesting ducks to predators
foraging on the wetland edge (Johnson et al. 1989,
Greenwood et al. 1995). It appears the 50% sprayed
wetlands harbored more ducks than the 70% sprayed
and 90% sprayed wetlands. However, we caution that
cattails quickly regrow in areas of the wetland that do
not maintain adequate water depth (>30 cm) to sup-
press regrowth from seeds (Merendino and Smith
1991). Thus, treating at least 70% of the emergent veg-
etation may be necessary to maintain sufficient open
water over several years. On the other hand, wetland
managers may choose periodically to treat wetlands to
maintain the desired ratio of open water, live vegeta-
tion, and dead vegetation. Drastic reductions (>90%)
of emergent vegetation in deep-water zones of a wet-
land may severely retard the rate of regeneration of
emergent vegetation by vegetative reproduction and,
thus, may reduce the number of breeding ducks using
the wetland.

We agree with Weller (1978) and Kantrud (1986)
that experimental research on the optimal size, config-
uration, and density of vegetation patches in relation
to water-depth and coverage is needed before defini-
tive recommendations can be made regarding habitat
manipulations designed to increase waterfowl use of
wetlands.



44

WETLANDS, Volume 16, No. 1, 1996

ACKNOWLEDGMENTS

B. Brua, K. Higgins, E. Hill, J. Homan, H. Kantrud,
M. McEnroe, and two anonymous reviewers provided
helpful comments on an earlier draft of the manuscript.
The Monsanto Company and North Dakota Game and
Fish Department donated much of the herbicide, which
was applied by R. Marquart. The U.S. Fish and Wild-
life Service and private landowners granted permission
to conduct research on Waterfowl Production Areas
and private lands, respectively. This study was funded
by the Denver Wildlife Research Center, Denver, Col-
orado, and the Department of Zoology, North Dakota
State University, Fargo. Mention of commercial prod-
ucts does not imply endorsement by the Denver Wild-
life Research Center or North Dakota State University.
This study was conducted under the auspices of Den-
ver Wildlife Research Center study protocols QA-114,
QA-180, and QA-242, as amended.

LITERATURE CITED

Arnold, T. W., M. D. Sorenson, and J. J. Rotella. 1993. Relative
success of over water and upland mallard nests in southwestern
Manitoba. Journal of Wildlife Management 57:578-581.

Blixt, D. C. 1993. Effects of glyphosate-induced habitat alterations
on birds using wetlands. M.S. Thesis. North Dakota State Uni-
versity, Fargo, ND, USA.

Brown, M. and J. J. Dinsmore. 1986. Implications of marsh size
and isolation for marsh bird management. Journal of Wildlife
Management 50:392-397.

Cody, R. P. and J. K. Smith. 1991. Applied Statistics and the SAS
Programming Language. Third ed. Prentice Hall, Englewood
Cliffs, NJ, USA.

Conover, W. J. 1980. Practical Nonparametric Statistics (second edi-
tion). John Wiley & Sons, New York, NY, USA.

Fritzell, E. K. 1989. Mammals in prairie wetlands. p. 268-301. In
A. van der Valk (ed.) Northern Prairie Wetlands. Towa State Uni-
versity Press, Ames, 1A, USA.

Greenwood, R. J., A. B. Sargeant, D. H. Johnson, L.. M. Cowardin,
and T. L. Shaffer. 1995. Factors associated with duck nest success
in the prairie pothole region of Canada. Wildlife Monograph No.
128.

Huffman, L. E. 1992. Magnitude and potential solutions of black-
bird-sunflower problem. p. 7-8. /In G. M. Linz (ed.) Proceedings
of a Cattail Management Symposium. U.S. Department of Agri-
culture, Denver Wildlife Research Center and U.S. Fish and Wild-
life Service, Fargo, ND, USA.

Hutto, R. L., S. M. Pletschet, and P. Hendricks. 1986. A fixed-radius

point count method for nonbreeding and breeding season use. Auk
103:593-602.

Johnson, D. H., A. B. Sargeant, and R. J. Greenwood. 1989. Im-
portance of individual species of predators on nesting success of
ducks in the Canadian Prairie Pothole Region. Canadian Journal
of Zoology 67:291-297.

Kaminski, R. M. and H. H. Prince. 1981. Dabbling duck and aquat-
ic macroinvertebrate responses to manipulated wetland habitat.
Journal of Wildlife Management 45:1-15.

Kantrud, H. A. 1986. Effects of vegetation manipulation on breed-
ing waterfowl in prairie wetlands—a literature review. U.S. Fish
and Wildlifc Scrvicc Technical Report, No. 3.

Krapu, G. L., L. G. Talent, and T. J. Dwyer. 1979. Marsh nesting
by mallards. Wildlife Society Bulletin 7:104—110.

Linz, G. M., D. L. Bergman, D. C. Blixt, and W T Rleier. 1994
Response of Black Terns (Chlidonias niger) to glyphosate-induced
habitat alterations on wetlands. Colonial Waterbirds 17:160-167.

Linz, G. M., D. L. Bergman, H. J. Homan, and W. J. Bleier. 1995.
Effects of herbicide-induced habitat alterations on blackbird dam-
age to sunflower. Crop Protection 14: (in press).

Merendino, M. T. and L.. M. Smith. 1991. Influence of drawdown
date and reflood depth on wetland vegctation cstablishment. Wild
life Society Bulletin 19:143-150.

Murkin, H. R., R. M. Kaminski, and R. D. Titman. 1982. Responses
by dabbling ducks and aquatic invertebrates to an experimentally
manipulated cattail marsh. Canadian Journal of Zoology 60:2324—
2332.

North Dakota Agricultural Statistics Service. 1994. North Dakota
agricultural statistics 1993. North Dakota State Univ., Fargo. Ag-
ricultural Statistics No. 63. 112 pp.

Solberg, K. L. and K. E Higgins. 1993. Effects of glyphosate her-
bicide on cattails, invertebrates, and waterfowl in South Dakota
wetlands. Wildlife Society Bulletin 21:299-307.

Stewart, R. E. and H. A. Kantrud. 1973. Ecological distribution of
breeding waterfowl populations in North Dakota. Journal of Wild-
life Management 37:39-50.

Stoudt, J. H. 1971. Ecological factors affecting waterfowl produc-
tion in the Saskatchewan parklands. U.S. Fish and Wildlife Ser-
vice, Washington, DC, USA. Resource Publication 99.

Stromstad, R. 1992. Cattail management: the North Dakota Game
and Fish Department perspective. p. 38—41. /n G. M. Linz (ed.)
Proceedings of a Cattail Management Symposium. U.S. Depart-
ment of Agriculture, Denver Wildlife Research Center and U.S.
Fish and Wildlife Service, Fargo, ND, USA.

Tacha, T C., W. D. Warde, and K. P Burnham. 1982. Use and
interpretation of statistics in wildlife journals. Wildlife Society
Bulletin 10:355-362.

Weller, M. W. 1978. Management of freshwater marshes for wild-
life. p. 267-284. In R. E. Good, D. E Whigham, and R. L. Simp-
son (eds.) Freshwater Wetlands: Ecological Processes and Man-
agement Potential. Academic Press, New York, NY, USA.

Weller, M. W. and L. H. Fredrickson. 1974. Avian ecology of a
managed glacial marsh. Living Bird 12:269-291.

Manuscript received 6 June 1995; revision received 9 October 1995;
accepted 30 October 1995.





